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Ultrasound pulses have several physical characteristics that should be considered in order to adjust the
imaging procedure for specific diagnostic applications. ¢alaill ju Luell Lipall 548 Cila pol) Cliasi gliali
JSutae dua il Clinbil y galll o) ) Buds Jaf e lic Y] 6 IS duds Y il judl)

Frequency

Frequency (f) is the number of wavelengths that pass per unit time. It is measured as cycles (or
wavelengths) per second and the unit is hertz (Hz). It is a specific feature of the crystal used in the
ultrasound transducer. It can be varied by the operator within set limits - the higher the frequency, the
better the resolution but the lower the penetration. phy .o} Baag A i Al g gall JIghY) 23e ga 333
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* The range (2- 20 MHz)

* Determined by the transducer L& e 4oc g o7 2T,

* Affects Absorption and Penetration (3|53 gabaia¥) o A5 o
* Affects image Detail Sogall Jualdi Jo fg o

The frequency of ultrasound pulses must be carefully selected 7o provide a proper balance between image
detail and depth of penetration. In general, high frequency pulses produce higher quality images but
cannot penetrate very far into the body. «wlicdl (sl 853t Liling Lifpall (§58 Sl pal) Slidasi 99,5 JLIS) ciay
it G G8 ) pubicad ¥ (giSly Ao f 549 <l | g il Lille cilidaddl) geili ale S, Gl ARY) (Gag g b gl Juald G
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The frequency of sound is determined by the source. In diagnostic ultrasound equipment, the source of
sound is the transducer. The major element within the transducer is a crystal designed to vibrate with the
desired frequency. A special property of the crystal material is that it is piezoelectric. This means that the
crystal will deform if electricity is applied to it. If the transducer is activated by a single electrical pulse,
the transducer will vibrate, or "ring," for a short period of time. 3342} (2 . iaal) Cuua Cigaal) 335 aa oy
a3 daamaa 8ol 9a A8 J gaa JAI0 (i ) painll A8 Jgaa ga & guall jhuan cdpanddl) 45 guall (558 il gall
Sl Sl (ki a3 13) 0 g Cigau B olal) () (A 130 g Adaiin S L A 4 ) oll) Balall Aaldl) dpaldd) | sthaall a0 il
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This creates an ultrasound pulse as opposed to a continuous ultrasound wave. The ultrasound pulse
travels into the tissue in contact with the transducer and moves away from the transducer surface. A
given transducer is often designed to vibrate with only one frequency, called its resonant frequency.
Therefore, the only way to change ultrasound frequency is to change transducers. This is a factor that
must be considered when selecting a transducer for a specific clinical procedure. cas slid) M) 138 535
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Certain frequencies are more appropriate for certain types of examinations than others. Some
transducers are capable of producing different frequencies. For these the ultrasound frequency is
determined by the electrical pulses applied to the transducer. <USiaY) (e dima £) 63 dapdla JiS| ddsma )3 i
dfiguall (55b il gal) 335 Baak aly iy gall o3¢ Lpauilly  AlNEL Cilaa 5 L) o 538 ABal) Y gaa Gy W (e
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Velocity 4 s

Propagation Velocity (v) is the speed that sound waves propagate through a medium and depends on
tissue density and compressibility. The relationship between these variables is expressed by the Wave
Equation. In soft tissue propagation velocity is relatively constant at 1540 m/s and this is the value
assumed by ultrasound machines for all human tissue. Hence wavelength is inversely proportional to
frequency. &lidy dawil) BUS o adinig la by o dfigall clagall gy il Al 4o pud) A LN A8y
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Factors Related to Ultrasound Pulse Velocity: sl 448 Gila gal) (iasi de puy dileial] La) g2

» Determined by the material 34lal/ sdtad
Affects the depth dimension in the image &isall A dor) s Lo i3
» Average for soft tissue: 1540 m/s, for air: 330 m/s < 330 :¢/s¢l! Cyjp 1540 :5.53 ) dacidy) by gia

The importance of the speed of ultrasound is that it is used to locate the depth of the structures in the

body. The speed of sound travels through a medium is determined by the characteristics of the medium
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and not characteristics of the sound. The velocity of longitudinal, or compression, sound waves in which
the particles of the medium vibrate in the direction of wave propagation, in liquids like tissue and gases,
is given by: qaad oy asal) A 8asa gall JSbgd) (Gae waail aniind L) A A gual) (358 il gall A8 ju Lpad] (1Sl
gl ghall A5 gual) il gl A s gl oy 5 guc) (il il g Jaan sl pailacd U (a0 La g gl S A o
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(velocity) v =

Where "stiftness" is a factor related to the elastic properties of the medium or the bulk modulus. The
velocities of sound through several materials are given in the table 8.1. Glia Jule A "adlall' dua
8.1 sl (A 3 gal) o ) e gl e i e oy a2l Jalaa gl daa gl &S pal) Qailiadlly

Most ultrasound systems are set up to determine distances using an assumed velocity of 1540 m/sec. This
means that displayed depths will not be completely accurate in materials that produce other ultrasound
velocities such as fat and fluid. {5 4 jia de pu ) 33500 CilBlucal) 30851 45 gaal) (568 il gal) dalii] alina 3fas ) o
s AY) 4 paall (358 Sl gal) il pou D AN ) gl (B Lalad ABBS (980 O Ada g gmall (Glas ¥ O (g g AU/ 2 1540
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Table 8.1: Approximate Velocity of Sound in Various Materials

Material Velocity (m/sec)
Fat 1450
Water 1480
Soft tissue (average) 1540
Bone 4100

Wavelength

Wavelength (4) is the distance sound travel during the period of one vibration which is the distance
between two areas of maximal compression (or rarefaction) (figure 8.10). The importance of wavelength
is that the penetration of the ultrasound wave is proportional to wavelength and image resolution is no
more than 1-2 wavelengths. (siihaia (p d8Laal) A g 2a) g 3) ) 5,5 YA & gual) JUE) d8lua 98 () sl Jshal)
Jshll e canalily 45 guall (598 il gal) (31580 O (B (o sal) Johall dpab] (saSi (8,10 JSA)) (JALAS gf) Tibuda i il
wasadsh 2-1 08 BV B guall 4B Gl (2 pal)
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It is typically measured between two easily identifiable points, such as two adjacent crests or troughs in
a waveform. Wavelength is inversely proportional to frequency. That means if two waves are traveling
at the same speed, the wave with a higher frequency will have a shorter wavelength. Likewise, if one
wave has a longer wavelength than another wave, it will also have a lower frequency if both waves are
traveling at the same speed. J3& A g6 o) G5 slata o) Jia ¢ Al g Lagale (i jail) ¢pSay ¢pilall ¢y Bale Al oy
A 238 3 da gall B ¢ e ) (s Ol e i g LS 13 AT g 13820 53 aa LiSe ol o gal) Jghall A ga
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Although wavelength is not a unique property of a given ultrasound pulse, it is of some significance
because it determines the size (length) of the ultrasound pulse. This has an effect on image quality. &=
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Figure 8.10: Dependence of Pulse Length on Wavelength and Frequency

Figure 8.11 shows both temporal and spatial (length) characteristics related to the wavelength. A typical
ultrasound pulse consists of several wavelengths or vibration cycles. The number of cycles within a pulse is
determined by the damping characteristics of the transducer. Damping is what keeps the transducer element
from continuing to vibrate and produce a long pulse. Jsks 4laia)) (Jghll) Lilsall g 4ulaJl) Gaibadl) 8,11 JS&) gl g
JYA (e duagil) Jala @ jgall 230 paai ) 3R g0 i A ge I skl B (e A gall) A gual) (398 s gal) Audad (158 A gal)
A gh didagi L) g ) RN (A ) paiad) (e A (e puaie ey La g aaddl) A8 gl apadill ailad

The period is the time required for one vibration cycle. 1t is the reciprocal of the frequency. Increasing the

frequency decreases the period. In other words, wavelength is simply the ratio of velocity to frequency or the

product of velocity and the period. This means that the wavelength of ultrasound is determined by the

characteristics of both the transducer (frequency) and the material through which the sound is passing (velocity).
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The amplitude of an ultrasound pulse is the range of pressure excursions (Figure 9.9).

The pressure is related to the degree of tissue displacement caused by the vibration. The amplitude is related to
the energy content, or "loudness," of the ultrasound pulse. The amplitude of the pulse as it leaves the transducer
is generally determined by how hard the crystal is "struck" by the electrical pulse. » 4gall (&g Sl gall i dau
M gual) B gt ol Al (5 giaay daead) Jagi 5 L3I 5RY) 8 AUl dawd¥) da) ) Ap ay beiudal) Ja 9 (9.9 JSA) baial) ) (Gldad
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Figure 8.11: The Temporal and Length Characteristics of an Ultrasound Pulse

In ultrasound imaging the significance of wavelength is that short wavelengths are required to produce
short pulses for good anatomical detail (in the depth direction) and this requires higher frequencies.
Jnal 5 e i UG Ay st § el A sl 1) 0 g ) gl b oS5 el (558 i ally el
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Amplitude

Amplitude is the height above the baseline and represents maximal compression. It is expressed in a
decibel which is a logarithmic scale (figure 8.12). Most systems have a control on the pulse generator
that changes the size of the electrical pulse and the ultrasound pulse amplitude. We designate this as the

intensity control, although different names are used by various equipment manufacturers. £ ¥ A daud)
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In diagnostic applications, it is usually necessary to know only the relative amplitude of ultrasound

pulses. For example, it is necessary to know how much the amplitude, A, of a pulse decreases as it passes
through a given thickness of tissue. 4x) 48 pa g 59 pal) (a (58 e Bale Apadidal) ciliplail) b
ddayil) dn (alBA) )aha 48 jra (g ) g puall (e cJUal) Jpn (Ao a8 A gual) (58 il gal) cilidanil gl
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The relative amplitude of two ultrasound pulses, or of one pulse after it has undergone
an amplitude change, can be expressed by means of a ratio as follows: 4awll & uadl) (Say
S 0 A (B sb (8 chraad) il s 5 o 32y s g el g o geal (358 il gally (yfiadast) Ayl
¢ )

Relative amplitude (ratio) = A2/A1
There are advantages in expressing relative pulse amplitude in terms of the logarithm of
the amplitude ratio. When this is done the relative amplitude is specified in units of
decibels (dB). 1 pyladie  Anad) i 4y 8 ol Coa (e Apsaadl) Aiall) A 08 a1 S llin
S(Jrend) Jaansdl) Cilas g9 Apaal) daal) daa Ay

Figure 8.12: Ultrasound Pulse Amplitude, Intensity. and Energy.

Page 6 of 8



Ultrasound Characteristics 2023-2024
Dr. Raed Mohammed Kadhim M.Ali

The relative pulse amplitude, in decibels, is related to the actual amplitude ratio by: &5 5
sciob 8 Aptadl) daad) dpady Juenpally (Apadl) Al daws

Relative amplitude (dB) = 20 log A2/A1

When the amplitude ratio is greater than 1 (comparing a large pulse to a smaller one),
the relative pulse amplitude has a positive decibel value; when the ratio is less than 1, the
decibel value is negative. In other words, if the amplitude of a pulse is increased by some
means, it will gain decibels, and if it is reduced, it will lose decibels. 4x) duui (4S5 Laxie
81 Al 585 Laie o g Jasousd A Aedl) Adunll) Al (985 ¢l Aidagly B S duda 4 Ba) 1 (e S
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Figure 8.13, compares decibel values to pulse amplitude ratios and percent values. The first two pulses
differ in amplitude by 1 dB. In comparing the second pulse to the first, this corresponds to an amplitude
ratio of 0.89, or a reduction of approximately 11%. If the pulse is reduced in amplitude by another 11%,
it will be 2 dB smaller than the original pulse. If the pulse is once again reduced in amplitude by 11 %
(of 79%), it will have an amplitude ratio (with respect to the first pulse) of 0.71:1, or will be 3 dB smaller.
a1 ey Aol (B U gY) Gliuall) CAUAS 4 giall dpuadl) g Aall) dnas uaady Sl 28 8,13 JSdl) ¢4,
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Perhaps the best way to establish a "feel" for the relationship between pulse amplitude expressed in
decibels and in percentage is to notice that amplitudes that differ by a factor of 2 differ by 6 dB. A
reduction in amplitude of -6 dB divides the amplitude by a factor of 2, or 50%. The doubling of pulse
amplitude increases it by +6 dB. sl Wis joal) dlail) da ¢y A8l " ula ) ¢ LAY A8y jha Juad] ¢ oS0 Lay
) Jead 6- ey Aaad) (AU oa Jusewd 6 ey CANIAS 2 Jalay CABAS ) Clad) o) Aaadle A A gial) Lpadll

et 6+ ey Wy 5 ddayil) da ddslian %50 9 <2 Jalay daaad) ppais

Page 7 of 8



Ultrasound Characteristics 2023-2024
Dr. Raed Mohammed Kadhim M.Ali

Figure 8.13: Pulse Amplitudes Expressed in Decibels and Percentages.

During its lifetime, an ultrasound pulse undergoes many reductions in amplitude as it passes through
tissue because of absorption. If the amount of each reduction is known in decibels, the total reduction

can be found by simply adding all of the decibel losses.
This is much easier than multiplying the various amplitude ratios. (st S sa) duad i3 dgila 555 A
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